Background
Mental health problems are important health issues in this century, which can severely affect people's health and daily life. Depression is a common mental health problem and has been reported as one of the ten leading causes of disability-adjusted life years (DALYs) lost. DALY is JBI Database of Systematic Reviews & Implementation Reports 2013;11 (6) Binaural beats technology is a type of auditory processing artifact that has been developed in recent years, and has been used with music to improve physical and mental health. 10, 11 The binaural beat theory was proposed in 1973 by Oster. 12 Oster proposed that the effect on auditory brainstem responses depends on the different frequencies of each tone. For example, if a pure tone with a frequency of 400 Hz is presented to one ear, and a comparable pure tone with a frequency of 410 Hz is presented to the other ear, your brain "hears" a third frequency with a binaural beat of 10 Hz, which is the exact difference between the two frequencies. 10, 13, 14, 15 Electroencephalography changes when one is listening to beats: α waves (8-13 Hz) indicating relaxation; β waves (13-25 Hz) involving cognitive activity and logical thinking in an active state of consciousness; θ waves (4-8 HZ) relating with the subconscious; and δ waves (<4 Hz) involving a deep sleep state. 16 The binaural beats stimulate the brainstem automatic responses. 12, 13, 17 Binaural beat tones can affect brainwave activity frequency, which may have an effect on states of consciousness, psychomotor performance and mood. 14, 15, 18 Studies have reported the effects of binaural beat tones on physiological and psychological outcomes. Wahbeh et al 13 studied the binaural beats in healthy adults and found a significant decrease in insulin-like growth factor-1 and dopamine. Another study by Wahbeh 14 found that binaural beats improved depression and immediate verbal memory recall in healthy adults.
Binaural beats were found to decrease acute preoperative anxiety among ambulatory surgery patients. 19 Binaural beats can also reduce anxiety. 20 Currently, there is no review paper focusing on the effects of binaural beat technology on physiological and psychological outcomes in adults. This review will determine the current best evidence on the effects of binaural auditory beats in adult.
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Inclusion criteria

Types of participants
This review will consider studies that include all adults who are aged 18 or over.
Types of intervention(s)/phenomena of interest
This review will include studies that evaluate the effects of binaural beat technology on physiological and psychological responses in adults. The comparator will be no binaural beat technology.
Types of outcomes
This review will consider studies that include physiological and psychological outcomes.
The primary outcomes include depression and anxiety.
The secondary outcomes are blood pressure, electroencephalography and heart rate variability.
Types of studies
This review will consider any experimental study design including randomized controlled trials, non-randomized controlled trials, quasi-experimental, and before and after studies.
Observational, cohort, case-control and qualitative studies will be excluded.
Search strategy
The search strategy incorporates both published and unpublished studies. A three-step search strategy will be utilized in this review. An initial limited search of MEDLINE and CINAHL will be undertaken followed by an analysis of the text words contained in the title and abstract, and of the index terms used to describe article. A second search using all identified keywords and JBI Database of Systematic Reviews & Implementation Reports 2013;11 (6) index terms will then be undertaken across all included databases. Thirdly, the reference list of all identified reports and articles will be searched for additional studies. Authors of primary studies will be contacted for missing information or to clarify unclear data. Studies published in
English or Chinese will be considered for inclusion in this review. Studies from all time periods up to the commencement of the search will be considered for inclusion in this review.
The databases to be searched include: PubMed, CINAHL, EMBASE, PsyInfo, PsychArticles, JBI, Cochrane Library, Centre for Reviews and Dissemination as well as Chinese publication databases. The Chinese databases will include: The search for unpublished studies will include:
 http://mednar.com/mednar/  http://www.proquest.com/en-US/catalogs/databases/detail/pqdt.shtml
Initial keywords to be used will be:
binaural beat, binaural auditory beats, binaural beat entrainment, adult, physiological, psychological, depress*, anxiety, anxious, blood pressure, electroencephalography and heart rate variability
Corresponding words in Chinese will be used to search Chinese language databases.
Assessment of methodological quality
Papers selected for retrieval will be assessed by two independent reviewers for methodological validity prior to inclusion in the review using standardized critical appraisal instruments from the Joanna Briggs Institute Meta Analysis of Statistics Assessment and Review Instrument (JBI-MAStARI) (Appendix I). Any disagreements that arise between the reviewers will be resolved through discussion, or with a third reviewer.
Data collection
Data will be extracted from papers included in the review using the standardized data extraction tool from JBI-MAStARI (Appendix II). The data extracted will include specific details about the interventions, populations, study methods and outcomes of significance to the review question and specific objectives. Authors of primary studies will be contacted for missing information or to clarify unclear data.
Data synthesis
Quantitative data will, where possible, be pooled in statistical meta-analysis using JBI-MAStARI. All results will be subject to double data entry. Effect sizes expressed as odds ratio (for categorical data) and weighted mean differences (for continuous data) and their 95% confidence intervals will be calculated for analysis. Heterogeneity will be assessed statistically using the standard Chi-square. Plausible explanations for variations in treatment effect will be explored using subgroup analyses. Where statistical pooling is not possible the findings will be presented in narrative form including tables and figures to aid in data presentation where appropriate.
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